DNA sequences of the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA (nrDNA) and small-subunit of mitochondrial ribosomal DNA (mt-rDNA) were obtained from 12 different collections initially identified as either Postia caesia or P. subcaesia based on morphological criteria. Sequences of ITS from British collections separate into three clear groups, each with identical sequences, regardless of the lignicolous host and distribution. These British collections can be distinguished morphologically as two groups, (a) thick and larger basidiomata (1.5-5.0 · 2.0-6.0 · 3.0-15 cm) with a strigose to tomentose pileus and (b) thin and smaller basidiomata (0.5-2.0 · 1.0-2.5 · 1.5-4.0 cm) with a smooth pileus. The former were all collected from hardwoods and the latter from both hardwoods and coniferous woods. Group (a) corresponds to one of the sequence groups, but group (b) displays two different sequences. Two collections from Norway, one from each of the morphological groups, exhibit further sequence variation within the ITS regions, although closer to those of British group (b). Representative sequences of mt-rDNA from each of the three British ITS sequence groups remain distinct, but those from the two Norwegian collections, however, are identical to one of the British groups. Further comparison of basidiospore size revealed no clear distinction among these groups, although the ratio of spore length to spore width is generally greater in group (a). Although there is no clear separation of these collections into two species, there is a clear tendency of variation at both morphological and molecular levels, among them. Differences in morphology and DNA sequences do not warrant species recognition, but do demonstrate high variability within the species complex.
Introduction
Postia caesia (Schrad.) P. Karst. is among other polyporoid fungi recognised by Fries [1] (the relevant nomenclature sanctioning work for fungal names designated in the International Code of Botanical Nomenclature [2] ). However, the fungus was illustrated much earlier without a binomial name [3] and was later illustrated in the British literature with typical bluing of the white basidiomata [4] . Despite name changes during the course of taxonomic progress, this fungus is one of the most common wood rotting fungi in the British Isles, throughout Europe and North America and possibly circumglobal [5, 6] . Some of the other names used for this fungus are Boletus caesius Schrad., Polyporus caesius (Schrad.) Fr., Tyromyces caesius (Schrad.) Murrill and Oligoporus caesius (Schrad.) Gilb. & Ryvarden.
The fungus grows on wood causing a brown cubical rot and produces annual, often bracket shaped basidiomata. It plays an important role in decomposition in the forest, attracting the attention of ecologists, mycologists and forest scientists. The basidiomata are often pileate, white to greyish when fresh, with minute, angular pores on the lower surface. The texture of the basidiomata is soft, consisting of a monomitic hyphal system of generative hyphae with clamp connexions. The basidiospores are allantoid to cylindrical with a size range of 4.0-6.5 · 1.0-2.0 lm. The most distinctive character of this fungus is the blue discoloration of the basidioma surface caused by bruising. The bluing phenomenon may be immediate or develop from greyish to bright blue over a few hours. It is a common species in forests, on trunks, stumps, logs or fallen branches and occurs throughout the year.
The morphological characters of this fungus are variable, especially in the macroscopic appearance of basidiomata. There is also a wide range of tree hosts, including both hardwoods and conifers. David [7] proposed a new species name, Tyromyces subcaesius A. David, now Postia subcaesia (A. David) Jü lich or Oligoporus subcaesius (A. David) Ryvarden & Gilb., in recognition of these differences. Although DavidÕs new species was supported by mating and interfertility tests, separating the two species is difficult. Many intermediate forms have been recorded by both David [7] and Ryvarden & Gilberson [6] . It has been stated that the interfertility test is the only reliable method to separate them [7] .
Whether or not morphological and host variation and interfertility within P. caesia/P. subcaesia complex have supporting molecular data, as in the case of the Ôbi-ological speciesÕ of Armillaria (Fr.) Staude (e.g. [8] ), could be a valuable example for elucidating the relationship between morphological, biological and molecular data for the phylogeny and evolution in fungi. It could also provide a guide to the identification of species in the field for ecologists, mycologists and other relevant researchers. In this study, DNA sequences from the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA (nrDNA) were obtained, followed by sequences from the small subunit of mitochondrial ribosomal DNA (mt-rDNA), which were added according to a preliminary analysis of the former. The results of sequencing and analysis for both nrDNA and mtrDNA are presented below.
Materials and methods

Fungal material
Fungal material of the Postia caesia-complex collected in recent years was selected for this study. The collections used are listed in Table 1 , with GenBank accession numbers of both ITS and mt-rDNA sequences. After sampling, dried reference material was deposited at the Herbarium, Royal Botanic Gardens, Table 1 Collections of Postia caesia/P. subcaesia complex examined in this investigation Table 1 . Samples are taken mainly from dried basidiomata, except for K(M)31967, which was sampled when fresh and processed as two duplicate DNA extracts. Most collections were dried at 40°C, whereas the two Norwegian collections were freeze-dried. The preparation of fungal samples follows the procedure described by Yao et al. [9] . The sample was taken from the inner part of the basidioma to avoid contamination as more as possible. The collections selected had been earlier determined as either Postia caesia or P. subsaesia with a range of hosts and localities. These collections were also subjected to further morphological examination.
DNA extraction
Total DNA extraction was done by method described by Yao et al. [9] , and a further protocol of grinding the fungal material in an Ependorf tube was also adopted. Samples of 10-40 mg for dried material or 35-350 mg for fresh material were used for Lee & TaylorÕs [10] protocol. The lysis buffer 650-750 ll and 1% b-mercaptoethanol were used for every extraction and the phenol/chloroform steps were omitted. For the Ependorf tube protocol, samples of 10-20 mg dried material were ground with a plastic or glass micropestle in a 1.5 ml Ependorf tube by adding a small amount of clean sand (BDH Laboratory Supplies, England) to enhance the process. Either a lysis buffer [10] or a CTAB buffer [11] of 500 ll was used for the extraction (1% b-mercaptoethanol was often omitted). Ground fungal material was mixed well with the buffer, and the tube was placed in either a water bath at 65°C or on a heated block at 70°C
. The contents were stirred every 2-3 min (4-5 times) and then left for lysis for 0.5-1 h. Extraction twice with 500 ll chloroform-isoamyl alcohol (24:1) was performed, following which the DNA was precipitated with isopropanal and re-suspended into 50 ll of water.
DNA amplification, cleaning and sequencing
The crude DNA extracts were used as templates for the PCR, sometimes with dilution of 10 À1 or 10
À2
for successful amplification. Both ITS5 (GGAAG-TAAAAGTCGTAACAAGG)/ITS4(TCCTCCGCTT-ATTGATATGC) and MS1 (CAGCAGTCAAGAAT-ATTAGTCAATG)/MS2 (GCGGATTATCGAATTA-AATAAC) primer pairs [12] were used for the amplification of the internal transcribed spacer (ITS) regions of nuclear ribosomal DNA (nrDNA) and small-subunit of mitochondrial ribosomal DNA (mt-rDNA). Reaction mixtures follow those in Yao et al. [9] , but 50 ll volumes were used. The protocol for each cycle of PCR, both ITS5/4 and MS1/2, is the same as described previously [9] , but the number of cycles was reduced at times to 25 to avoid primer dimer problems. In addition to the cleaning method for PCR products described in Yao et al. [9] , QIAquick PCR purification columns (QIAGEN Ltd., UK) was also used according to the manufacturerÕs protocols. Sequencing was performed as previously described [9] . The mt-rDNA sequences of other Postia species were sequenced at Harvard University from the DNA extracts used in Yao et al. [9] . All DNA extracts are stored in the DNA Bank at the Jodrell Laboratory, Royal Botanic Gardens, Kew, under the numbers for fungal material.
DNA sequence analysis
Sequences were visually aligned in Paup*4.0.0d64(PPC) (a test version of Paup kindly provided by D. Swofford, Smithsonian Institution, Washington, DC, UAS). ITS sequences for the other five species of Postia reported earlier [9] were selected as outgroups. Five mt-rDNA sequences of Postia species from the same DNA extracts as for the ITS sequences were used in the analysis of mt-rDNA. These species are listed in Table 2 with their voucher specimen and the GenBank accession numbers. The mt-rDNA sequences from both collections of P. lactea are identical to each other; therefore, only one is included in the analysis.
Two data matrices with 737 and 593 base pairs (bp), for ITS and mt-rDNA, respectively, were produced. A few dozen bases (42 for ITS and 45 for mt-rDNA) at each end were excluded from the analysis owing to uncertainty in determining the sequence. Parsimony analyses were performed with equally weighted, unordered characters. Gaps were treated as missing data. Branch and Bound search was used for the ITS data matrix containing all the sequences. Relative support was assessed by the bootstrap in PAUP*, using equally weighted characters for 1000 replicates with B&B swapping saving 20 tress per replicate. All the fungal material used in this study was re-examined both macro-and microscopically for morphological characters, especially those of basidiomata and basidiospore, to determine the range of variation among collections.
Results
Morphological examination shows that there is no difference in the anatomy of the basidioma and in basidiospore form among the collections studied. The hyphal system is monomitic, containing only generative hyphae; no additional sterile elements are present in the hymenium, and the basidiospores are allantoid to cylindrical. However, the British collections can be distinguished macroscopically, together with the basidiospore ratio, as two general groups (Table 3) : (a) thick and larger basidiomata (1.5-5.0 · 2.0-6.0 · 3.0-15 cm) with a strigose to tomentose pileus, having spore ratio often greater than 5 (except for K(M)24318 and K(M)32116, which have smaller ratio); and (b) thin and smaller basidiomata (0.5-2.0 · 1.0-2.5 · 1.5-4.0 cm) with a smooth pileus, having a spore ratio less than 5. Group (a) were all collected from hardwoods whereas group (b) were from both hardwoods and conifers. Two collections from Norway fall within the two British groups in terms of their macroscopic features, but one (K(M)56144) with thick and hairy basidioima has the smallest spore ratio which does not agree with British group (a).
The ITS sequences from the British collections separate into three clear groups, each with identical sequences, and the sequences of the two duplicate extracts of DNA Nos 49 and 50 from K(M)32116 are identical as well. Sequences from the two Norwegian collections are unique and closer to those of British group (b). Representative sequences of mt-rDNA from each of the three British ITS sequence groups were distinct, but those from the Norwegian collections, however, are identical to one of the British groups.
Alignment of the sequences, both ITS and mtrDNA, shows that sequences from the Postia ceasiacomplex are similar in length, with few insertions and deletions. Introduction of outgroups created some regions of minor ambiguity (the alignment is available on request).
A total of 695 bp for ITS and 548 bp for mt-rDNA were used in the parsimony analyses. Of the ITS nucleotides, 177 are variable, but the number of potentially parsimony-informative characters is 90. In the mtrDNA data set, 55 positions are variable and 27 are parsimony-informative. Analysis produced three shortest trees with the ITS data. Differences among these ITS trees are in the terminal branches of two of the three British sequence groups of the P. caesia-complex and the two Norwegian sequences. One of the three trees is shown in Fig. 1 . Only one tree was found in the mt-rDNA data matrix (Fig. 2) . The corresponding morphological groups of British collections of the P. caesiacomplex are marked on Figs. 1 and 2. It is evident from both ITS and mt-rDNA sequences, that British morphological group (a) corresponds to one of the sequence groups, but British morphological group (b) has two different types.
Discussion
When examining British collections previously identified as Postia caesia and P. subcaesia, it soon became apparent that there was variation among the collections, and similar specimens appeared under the two names. Because the morphological context was not clear, molecular methods were adopted. The initial attempt was targeted at the sequence of ITS regions of nrDNA, which has proven to be useful at the species level for other species in Postia [9] . The resulting sequences display three groups amongst the British collections. A second, more conserved, independent DNA sequence, the small subunit of mt-rDNA, was considered as a candidate for confirmation of the ITS pattern, and, indeed, it has been confirmed that there are three molecular groups in the British collections ( Figs. 1 and 2) . If based only upon the British collections, it might be desirable to separate them into three entities as each has their own sequences of both ITS and mt-rDNA, with one corresponding to the morphological group (a) and two to group (b). The two Norwegian collections not only disturbed the two British morphological groups but also added more variation to the three ITS sequence groups. The Norwegian collection of K(M)56144 has the macroscopic appearance of British group (a), but its spore ratio is even smaller than any of those in the British group (b). Both Norwegian collections have their own unique ITS sequences, although their mt-rDNA sequences are identical to one of the British groups (Fig. 2) . It is possible that more variation can be detected if collections from a wider geographic range are included. Unfortunately, a loan of the type material of P. subcaesia was not possible, so that molecular data from the type cannot be compared here. Based on the collections studied in this investigation, there is no delimitation to separate these collections into two species; however, there is a clear tendency of variation, at both morphological and molecular level, among them. Mating and interfertility are important biological characters of basidiomycetes. They have been particularly useful in determining biological species in Armillaria, leading to the recognition of a number of species separated from A. mellea (Vahl) P. Kumm. s. str., supported by the analysis of sequences from the inter-genic region (IGR) of nuclear rDNA (see [8] and references cited there). Both Postia caesia and P. subcaesia were reported by David [7] as having a tetrapolar mating system and being incompatible, but David did not provide sufficient evidence to support her observations. The two tables, Table 1 for single spore mating tests and Table 2 for interfertility tests provided by David [7] , included only a few culture strains showing the results that all the strains of each species can mate with each other and are interfertile. Judged from the number of strains included and the results presented in the tables, there is no sufficient supporting evidence of data from cultures for the mating system of either of the species. As there has been no other report on the mating behaviour of these two species since DavidÕs [7] publication, it is impossible to draw an absolute conclusion on the mating system and interfertility in these two species. The results of the molecular investigation presented here cannot directly support or discount DavidÕs [7] conclusion because her material was not included in this study. However, since Postia subcaesia was described by Dave in 1974, the species has been reported from most other European countries [6] . Although it was said to be largely confined to France when David [7] described the species, it seems unlikely that the species would be so geographically restricted because variation similar to that of French P. caesia/P. subcaesia have been recorded in many other European countries [6] .
The macroscopic features of the P. caesia complex in British collections, especially those with the combination of thick basidiomata with a hairy pileus and thin basidiomata with a smooth pileus, tend to serve well as the characters separating the collections into groups corresponding to molecular sequences. The addition of the two Norwegian collections indicates that these characters do not always correspond to the molecular diversity in a broader geographic region. Basidiospore size-range itself has no significant difference among the collections examined, apart from one of the Norwegian collection (K(M)56144) that has a wider diameter (1.5-2.0 lm) than the others (0.8-1.7 lm; Table 3 ). The ratio of the spores appears to correspond with the macroscopic features in the British collections to a certain extent, but it is in a continuous series without any clear boundary. Furthermore, the smallest ratio found in the Norwegian collection (K(M)56144), coupled with its thick and hairy basidioma, confirms the unreliability of the spore ratio. Basidiospores of both P. caesia and P. subcaesia are reported as having a weakly amyloid reaction with MelzerÕs reagent of iodine solution [6] . However, we were unable to repeat the amyloid reaction in hyphae summarised by David [7] for these two species. The epithet in P. subcaesia refers to the Ôlittle or no bluingÕ of basidiomata in the species. The discoloration of basidiomata varies from strong to weak and from immediate to a delay of several hours in individual collections. There is no clear pattern in this character.
As reported previously [9] , ITS sequences from different collections of the same species in Postia are identical (two collections for P. balsamea, three for P. lactea (Fr.) P. Karst. and three for P. leucomallella (Murrill) Jü lich). It seems that ITS variation is highly stable within species of Postia. The amount of variation in the Postia caesiacomplex is much greater than that within other studied species of Postia. The tendency of molecular variation in the Postia caesia-complex is obvious.
From the parsimony analysis, both ITS trees and the mt-rDNA tree show the division between the British morphological groups (a) and (b), and the sequences from the two Norwegian collections nested in the clade with the British group (b) (Figs. 1 and 2 ). The ITS sequences of the Norwegian collections are close to one of the two sequences groups within the British group (b) (Fig. 1) , and they further share the same mt-rDNA sequence (Fig. 2) . It seems that the Norwegian collections are molecularly closer to one of the sequence groups than the other in the British group (b), despite the variation in morphology, hosts and ITS sequences. From the length and substitution number of the branches of the group (a) and the group (b), including the Norwegian sequences, the changes are considerably higher in both ITS and mt-rDNA trees, although they are less than those on the branches of other Postia species. The total change on the branches of the groups (a) and (b) comes close to that on the branches of P. balsamea and P. hibernica, the most closely related species in Postia, in the ITS parsimony trees (Fig. 1) . The small subunit of mt-rDNA is much more conserved than ITS regions. Sequences of mt-rDNA from different collections of the same species show no variation, as seen in the two sequences for P. lactea (Table 2 ). There are three substitutions in mt-rDNA sequences between the two sequence groups in the British morphological group (b), and the changes of nucleotides between the groups (a) and (b) are even greater, including both substitutions and insertions or deletions (Fig. 2) . during a visit by the first author to the Royal Botanic Gardens, Kew, supported by a Royal Society study visit grant. The Chinese Academy of Sciences and the National Natural Science Foundation of China are also acknowledged for support through the ÔKey Research Direction of Renovation Program (KSCX2-SW-101C)Õ and the scheme of ÔIntroduction of Overseas Outstanding TalentsÕ, and ÔNational Science Fund for Distinguished Young ScholarsÕ (30025002), respectively. The first author is grateful to Drs D. Pfister and D. Hibbett for providing a travel grant and laboratory facilities during his visit to Harvard University. The authors wish to thank Prof. L. Ryvarden for providing freeze-dried material and Mr N. Legon for collecting fresh basidiomata for this investigation.
